Characterization of meat traits and fatty acids pro le from Swallow-Belly Mangalitsa, Moravka pigs and their crossbreeds. Autochthonous breeds are among the most valuable sources of high quality meat for local products. In a recent study, we have analysed meat and fatty acids pro le from Moravka, and Swallow-Belly Mangalitsa breeds, and from their crossbreed. Moreover, molecular analyses of MC4R and LEP gene were conducted for those breeds. We found previously identi ed mutation within the MC4R gene -c.892A > G (Asp298Asn). Statistical analysis did not show differences between genotypes for either Moravka or Swallow-Belly Mangalitsa meat chemical traits, shear force parameters or fatty acids pro le. We found statistical differences in intramuscular fat content (%) between Moravka and crossbreed animals (10.77 ±4.28, and 6.76 ±1.31, respectively). For fatty acids pro le, Swallow-Belly Mangalitsa was characterized by statistically the highest level of n-6 and n-3 PUFA (7.771 ±0.728, and 0.416 ±0.038, respectively). CLA level were the highest in Moravka, and the lowest in Swallow-Belly Mangalitsa (0.079 ±0.010, and 0.072 ±0,007, respectively). Our data showed that Moravka and Swallow-Belly Mangalitsa breeds can be valuable sources of meat, characterized by good quality.
INTRODUCTION
Recently, the interest in native breeds has increased, both in the context of gene preservation and also the production of meat products manufactured in a traditional way. One of most well known native pigs in Europe is Mangalitsa, which is a typical fat breed farmed mainly in Hungary, and also in Serbia and Croatia. Carcass of this pig is characterized by 65-70% of fat in carcass sides, and approx. 30-35% of meat (Egerszegi et al. 2003) . Results of recent studies (Egerszegi et al. 2003) show that this amount of meat is sufficient for the production of high quality ham. One of the reasons for high quality of ham is the traditional technology of rearing, as well as traditional nutrition (Petrovi et al. 2010) . Moravka is a breed of combined production, with more meat in carcass sides, and a breed of significantly less fat in Serbia (Petrovi et al. 2010 ). This breed is reared in extensive conditions -both in terms of nutrition and housing. Moreover, the rearing and the lack of systematic selection of animals affect the production traits, which are varied. On the other hand, this also results in these pigs' excellent adaptability, good vitality, and high resistance to diseases (Petrovi et al. 2007) .
Recently, molecular tools are used in the identification of polymorphisms within candidate genes for fatness traits, and their possible implementation into animal husbandry. One of the key factors controlling the energy balance is the Melanocortin 4 receptor (MC4R). As a part of leptin -signaling pathway, it decreases feed intake (Seeley et al. 2004) . Known sequence variants of the MC4R gene reported in humans lead to obesity. Leptin gene, known also as the Ob or Obese is 146 amino acids expressed in adipose tissue (D'Andrea et al. 2007) . Leptin, besides being a regulator of excessive fat deposition, seems to play an important role during the adaptation of animals to, as a GH secretion suppressor (Baratta et al. 2002) , and attainment of puberty (Cunningham et al. 1999 ). In recent years, studies have been conducted in order to determine the association between reported polymorphism in the LEP, and carcass traits in animals (Jiang and Gibson 1999 , Kennes et al. 2001 , Oliveira de P.J. et al. 2006 .
The goals of the present study included the chemical analysis of the samples, fatty acids profile, texture, and shear force analysis from m. longissimus dorsi lumborum. Moreover, we sequenced the MC4R and the LEP gene, in order to analyse the potential polymorphisms and their association with the studied traits.
MATERIALS AND METHODS

Animals
In the present study, we analysed m. longissimus dorsi lumborum between 13th and 14th rib samples from 20 Moravka (MO) pigs (12 males and 8 females), 18 Swallow-Belly Mangalitsa (SBM) pigs (10 males and 8 females) and crossbreed animals of Moravka × Swallow-Belly Mangalitsa (3 males and 5 females). All animals were slaughtered at the age of 365 days. Animals of both breeds were born and reared on Experimental pig farm of the Institute for Animal Husbandry, Belgrade-Zemun. The surface of the free range was 150 m 2 (110 m 2 open section and 40 m 2 covered section of the range). Fed composition is presented in Table 1 Meat analysis Instrumental measurement of shear force Cylinder-shaped samples (14 mm in diameter and 15 mm in height) were cut from the meat, and roasted in the oven at 180ºC until internal temperature of 78ºC. Shear force was measured using a TA-XT2 Texture Analyser (Stable Micro Systems), with a Warner-Bratzler attachment and a triangular notch in the blade. The blade speed during the test was 1.5 mm/s. Results were presented as force per area (kG/cm 2 ).
Instrumental measurement of texture parameters Cylinder-shaped samples (14 mm in diameter and 15 mm in height) were cut from the meat roasted as described above. The texture was analysed using a TA-XT2 Texture Analyser (Stable Micro Systems), with an attachment in the form of a cylinder, 50 mm in diameter. The samples were subjected to a double pressing test using a force of 10 g to 70% of their height. The cylinder speed was 2 mm/s, and the interval between the pressures was 3 s.
Collagen content
The total collagen content was estimated according to Polish Standard PN-ISO 3496. The absorbance of samples was measured using the Novasina spectrophotometer, at 558 nm. The hydroxyproline content was read from the calibration curve. The total collagen content was calculated from hydroxyproline amount, using the coefficient of 7.25, and taking into account the dilution factors. The soluble collagen was calculated as the difference between the total collagen, and the insoluble collagen. The amount of insoluble collagen was estimated according to the method proposed by Liu et al. (1994) , with our modifications.
The hydroxyproline content was read from the spectrophotometric curve. Insoluble collagen content was calculated using the coefficient of 7.25. The amount of soluble collagen was calculated and expressed as percentage of total collagen.
Meat quality traits
The meat samples were chemically analyzed to determine water, protein, intramuscular fat, and ash content according to Polish standards. Water content was 
Fatty acid profi le
Samples were extracted with chloroformmethanol (2 : 1, v/v), according to the method developed by Folch et al. (1957) . Then, 1 g of meat samples was mixed with 15 mL of chloroform-methanol mixture, and homogenized for 10 min at 5,000 rpm, and after a 5-minute pause -for another 5 min, at 1,000 rpm, using homogeniser MPW-120. The mixture was then filtered through filter paper to a regular cylinder, and completed with extraction mixture up to 15 mL. Next, 3 mL of 0.74% KCl solution was added to 15 mL of the filtrate. The alcohol-water phase was removed, and the chloroform phase was washed three times using 2 mL solution of chloroform : methanol : 0.74% KCl (3 : 48 : 47, v/v/v). Subsequently, the chloroform phase was recovered, dehydrated with anhydrous sodium sulphate (Na 2 SO 4 ), and dried using nitrogen at 45°C. Further, 0.5 ml 0.5 N KOH in methanol was added to the sample (about 10 mg), and heated at 85°C. Next, 1 ml 12% BF3 in methanol was added, and the sample was again heated at 85°C. After cooling in room temperature, 1 ml hexane and 5 ml saturated solution of NaCl were added. Fatty acid methyl esters profile in one l samples at the split ratio of 10 : 1 were separated by gas chromatography on a TRACE GC ULTRA gas chromatograph, equipped with 30 m capillary column SUPELCOWAX 10 of 0.25 mm inner diameter and coating thickness of 0.25 m (30 m × 0.25 mm × 0.25 um).
Operating conditions were as follows: helium was used as the carrier gas, flow of 1 ml/min, split flow of 10 ml/min, injector temperature of 220°C, detector temperature of 250°C, and initial column temperature of 160°C. The atherogenic index (AI) was calculated as (C12:0 + 4 × C14:0 + C16:0)/(MUFA + PUFA), whereas the thrombogenicity index (TI), as (C14:0 + C16:0 + C18:0)/(0.5 × MUFA+ 0.5 × n-6PUFA + 3 × n-3PUFA + (n-3 PUFA/n-6 PUFA) (Ulbricht and Southgate 1991).
Molecular analysis
DNA fragments of the MC4R and the LEP genes were amplified from Swallow-Belly Mangalitsa and Moravka animals showing the highest, and the lowest intramuscular fat values. Genomic DNA was isolated from the meat by Genomic Wizard Purification Kit (Promega), according to the described protocol. Primers for amplification of the MC4R and the LEP exons were designed using Primer3 (Table 2) . PCR was performed using MJ Mini Thermal Cycler (BioRad) in 25 l reaction volume (5 l Colorless GoTaq Flexi Buffer; 2 l MgCl2, 25 mM; 1 l dNTP (0,2 mM each); 1 l of primers (forward + reverse); 0,25 l GoTaq® G2 Hot Start Polymerase (5u/ l); 1 l template DNA and Nuclease-Free Water to total volume of 25 l). The PCR products were purified using Exo_SAP, and then sequenced using BigDye Terminator Sequencing Kit (Applied Biosystems) on ABI 3130xl sequencing system (Applied Biosystems). All sequences were visually inspected, edited, and assembled using FinchTV and BLAST tools, after which the CodonCode Aligner (http://www. codoncode.com/aligner) was applied in order to align the sequences. The SNPs were identified by aligning the obtained sequences with the reference sequence of Sscrofa11.1 -NC_010443.5 for the MC4R and NC_010460.4 for the LEP. All animals were genotyped for MC4R G-> A substitution in 298 codon by means of the PCR-RFLP method, described by Kim et al. (2000) .
Statistical analysis
Associations were investigated in the analysis of variance using STATISTICA software 13.1; specifically, the following models:
where: Yijk -studied traits; -overall mean value of the given trait; Bi -fixed effect of the i-th breed (i = 1,2,3); Gi -fixed effect of the i-th genotype (i = 1,2,3); Sj -fixed effect of the j-th gender (j = 1,2); (B × S)ij -the correlation between breed and gender; (G × S)ij -the correlation between genotype and gender; Mijk -linear regression of slaughter weight; eijk -residual effect. The significance of the differences was determined by applying the Tukey-Kramer test. 
RESULTS
In silico analysis of the obtained sequences revealed one mutation within the MC4R gene -c.892A>G (As-p298Asn) substitution. The PCR-RFLP bands for both breeds -Swallow-Belly Mangalitsa and Moravka -are presented in Figure 1 . In Table 5 , the association analysis between identified intramuscular fat (IMF) content (%) in Moravka is lower compared to Mangalitsa (6.74 and 13.24, respectively); also, cholesterol level (mg/100g) is lower in Moravka compared to Mangalitsa (42.14 and 61.82, respectively) . Our results showed that intramuscular fat content was the highest in Moravka (10.77 ±4.28), as compared to Swallow-Belly Mangalitsa (9.05 ±3.04), and Moravka × Swallow-Belly Mangalitsa crossbreed (6.76 ±1.31). Intramuscular fat is generally associated with higher quality of nutrition, therefore, it is of much significance to increasing intramuscular fat content of pork through feeding and genetic selection. Feeding has several disadvantages, because particular feed-ing regimes need to be developed for various breeds. The most promising way is that of the genetic selection, however, the existence of numerous quantitative traits loci (QTL) may be problematic (Font-i-Furnols et al. 2012 Fontanesi et al. (2013) found association with average daily gain (ADG) and the feed:gain ratio (FGR) with c.892A. In our results, we did not find statistical significance between the genotypes, but we found that for slaughter weight, the GA genotypes were heavier compared to GG, similar to the IMF value (Table 3) .
According to the current state of knowledge, n-6:n-3 PUFA (polyunsaturated fatty acids) ratio should be limited to 4-5 : 1 (Scollan et al. 2006) . In our study, the ratio was higher than those values. Ulbricht and Southgate (1991) reported indicators of fat quality, including the atherogenicity index (AI), which likely reflects the risk of cardiovascular disease (CVD). It defines the proportion of SFA (myristic and palmitic acid) to UFA (PUFA + MUFA), indicating a negative role of C14:0, and an adverse effect of UFA in human nutrition. The lower the AI and TI index values, the healthier the food. In our study, statistically significant differences were found between pure breeds and crossbred pigs, where crossbred pigs had highest values of AI and TI indexes (0.573 ±0.008 and 1.36 ±0.021, respectively). Ulbricht and Southgate (1991) suggested that the AI index should be lower than 0.5. The levels of 20:3n-6; 20:4n-6; 20:5n-3; 22:4n-6; 22:5n-3; 22:6n-3 were statistically higher in meat from Mangalitsa compared to Moravka. Galián et al. (2008) pointed out that the PUFA levels should not be higher than 12-14% in meat destined to become processed products, and this was confirmed in our study. The polyunsaturated fatty acids and monounsaturated fatty acids play a role in decreasing the blood LDL-cholesterol concentration, by increasing the hepatic LDL receptor activity (Rudel et al. 1995) . Cameron et al. (2000) showed that C18:2, C20:4 and C22:6 polyunsaturated fatty acids had a positive correlation with the flavor of meat.
Compared to Zlotnicka Spotted and Pulawska, the content of protein is similar (about 21-22%) (Florowski et al. 2006) , however, intramuscular fat content in Polish autochthonous pig breeds is between 2.5% (Pulawska) and 3.1% (Zlotnicka Spotted), while for Moravka, it is 10.77 ±4.28, and for Swallow-Belly Mangalitsa, it is 9.05 ±3.04. Differences can also be noticed in terms of shear force -its range is between 80.52 ±14.38 for Moravka, and between 83.81 ±11.95 for crossbreed pigs, while for Zlotnicka Spotted and for Pulawska, it is 18.3 ±4.4, and 31.7 ±10.6, respectively.
In summary, results from our study showed that Moravka and Swallow--Belly Mangalitsa have high quality meat, which can be used in the manufacturing of traditional products. Meat from Moravka and Mangalitsa are used for production of cajna sausage and sremska sausage, petrovská sausage and Serbian pork ham. Those products have high acceptability in Balkan region, which show high quality of those products.
